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Abstract
LGC (Logiciel Général de Compensation) is a software

that computes position estimates and associated statistics
based on observations obtained by CERN surveyors. Since
the mid-1980s, LGC has been a crucial tool to perform
geodetic computations in various contexts - from simple
levelling campaigns to advanced monitoring projects. The
CERN Geodetic Metrology group continues to maintain, im-
prove, and modernize LGC. Over time, LGC has achieved
maturity and stability thanks to extensive testing and contin-
uous improvements.

Up to now, LGC has been a proprietary software, with
its use restricted to CERN and rarely licensed to outside
entities. Driven by growing interest from external partners,
this paper details the beginnings of the journey for transi-
tioning LGC to an open-source platform. By open-sourcing
LGC, we aim to ensure its long-term viability and quality,
encourage contributions from a wider user/developer base,
and foster community mutual assistance around accelerator
alignment problems. We detail the motivation behind this
initiative and the role played by the newly established Open
Source Program Office (OSPO) at CERN for facilitating
open-source licensing and distribution.

INTRODUCTION
Surveyors depend on robust computational tools to an-

alyze their measurements and associated statistics. These
tools range from commercially available software to in-house
projects. At CERN, surveyors utilize numerous observa-
tion types coming from a diversity of instruments, spanning
from traditional instruments like laser trackers or total sta-
tions to more specialized devices such as offset systems to
stretched wire. Increasingly, they also employ sensor-based
systems like Wire Positioning Systems (WPS) or Hydro-
static Levelling Systems (HLS). The "Logiciel Général de
Compensation" (LGC) calculates the 3D positions of ob-
jects, typically points, through least-square adjustments of
various geospatial observations, along with the associated
statistical indicators. It was specifically developed and has
been continuously maintained since the mid-1980s, ensuring
it meets the requirements of CERN’s surveying operations.
LGC is an important part of a comprehensive ecosystem of
software tailored to support CERN’s surveying needs. This
ecosystem brings together LGC and associated pre- and post-
processing tools. It also comprises a user interface, called
SurveyPad [1]. LGC is integrated into the measurement
acquisition software [2], has input files written by the CERN
Survey Database via its interface GEODE [3], and is being
more and more used within monitoring systems [4].
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Historically, the LGC software has been under propri-
etary licensing. Two European seminars, held in summer
2023 and spring 2024, with the accelerator surveying com-
munity [5] demonstrated a strong need and interest for a
common adjustment software solution. It was decided to
explore the possibility of making LGC available as open-
source software. This decision coincided with the establish-
ment of CERN’s Open Source Program Office (OSPO) in
early 2024, designed to support the transition of in-house
technologies, such as LGC, to open-source platforms. This
paper begins by detailing the history, key functionalities,
and recent major developments of LGC. It then outlines the
transition of LGC to an open-source platform, discussing
the motivations behind the move, the strategic approaches
adopted, and the anticipated benefits for both CERN and the
geodetic community. We also explore the initial steps taken,
the role of CERN’s OSPO in this transition, and the broader
implications and challenges foreseen.

LGC OVERVIEW
LGC has been a cornerstone of CERN’s geodetic data

analysis since the mid-1980s. Its primary purpose was to pro-
vide a robust toolkit for processing CERN’s geospatial data,
accommodating various measurement types utilized by sur-
veyors at the time [6]. Initially developed in Fortran77, LGC
was capable of processing data from theodolites, distance
meters, and horizontal wire offsets, through least-square ad-
justments within a 3D coordinate system. This system was
either locally defined or using local horizontal and geodetic
reference surfaces established at the time for the CERN site.
Over the years, the program has evolved substantially, incor-
porating new observational models and analysis tools. In
the late 2000s, LGC underwent a major transformation with
a complete rewrite in C++ [7], introducing object-oriented
programming, enhanced stochastic models, and additional
observation equations. A C++ software library, called Sur-
veyLib, was also created to provide, amongst others, mathe-
matical concepts, spatial objects, least-square routines, and
geodetic transformations. For example, it houses a simple
length definition or an adjustable position in space with
complete attributes and methods to be used for surveying
software. SurveyLib has become a fundamental component
in most C++ software developed for CERN’s surveyors and
remains actively maintained. The introduction of LGC ver-
sion 2 in 2016 [8] marked the latest significant evolution,
featuring additional observation models, especially an ab-
straction of small camera sensors, and modifications in the
input format to accommodate default observation stochastic
models. It also introduced the "*FRAME" keyword, allow-
ing the definition of a hierarchy of reference systems. Each



system can contain points or observations. Each "*FRAME"
object is represented by a 7-parameter Helmert transforma-
tion where each parameter can be estimated or kept fixed
during the least square process, at the discretion of the user.
The nearly 40 years of LGC’s existence have been made
possible through the efforts of a large number of people.
Many developers have contributed, ranging from entry-level
surveyor trainees to IT specialists. CERN surveyors have
tested and suggested new features and project requirements
have continually pushed the boundaries throughout these
years.

As of 2024, the current version 2.7.0 supports twenty
observation models, originating from Total Stations, Laser
Trackers, HLS, WPS, inclinometers, levelling systems, dis-
tance meters and simple abstractions for cameras and coor-
dinate measurement machines. It allows for various point
definitions, from completely free-floating to fixed control
points without parameters to estimate. Users can introduce
multiple constraints on network parameters or options to
generate diverse output formatting and analytical indicators,
such as calculating relative errors between selected points.
The software operates only 3D computation in a Cartesian
XYZ system, but due to the extensive scope of the CERN
accelerator complex, LGC manages three local geoid mod-
els [9]: a simple spherical model, the CERN Geoid 1985
(CG1985) and 2000 (CG2000). The geoid models are, for
instance, used in the observation made by a Total Station
to establish its vertical vector in the CERN Coordinate Sys-
tem (CCS) expressed in XYZ. Computations in LGC can
be launched either with predefined control points and con-
straints or through a free adjustment mode that does not
require fixed parameters. In the latter case, dynamic con-
straints are added on the network centroid in translations
and momenta. LGC embeds simulation tools to perform
prospective work.

Geodetic Metrology Software ecosystem

Figure 1: Geodetic Metrology Software ecosystem

Figure 1 maps out the projects currently being developed
by the Geodetic Metrology group at CERN. In the field, sur-
veyors employ TSUNAMI [2] and SMART [10] software
for capturing and analyzing geospatial data. This data is sub-
sequently archived in the Survey Database via its interface
GEODE. Both GEODE and the field acquisition software
can create files suitable for data-processing software: LGC,
CHABA, Rabot, Shapes and CSGEO. CHABA computes an

optimal 7-parameter Helmert Transformation between point
clouds via least squares. Rabot [11] is used for accelerator
smoothing operations. SHAPES does geometrical shape
fitting on point sets. CSGEO is used for geodetic transfor-
mations between reference systems. Except for Rabot, which
is coded in Python, all data-processing applications are de-
veloped in C++ and utilize SurveyLib. SurveyPad [1] serves
as the unified interface for all these processing applications.

LGC Usage

Figure 2: Ways to use LGC

On Windows or Linux, LGC operates simply as an exe-
cutable that processes a formatted text file (Fig. 2). This
file contains all computation options, the a priori values of
parameters (typically 3D point positions), all constraints,
and all observations with associated values to define the
stochastic model. Initiated via command line without a user
interface, LGC conducts least squares adjustment, outputting
results in text files or issuing error notifications. Errors can
come from several sources such as formatting problems or di-
vergent computation. The specifics and number of result files
can be customized through keywords in the input file. Since
mid-2023, LGC also supports a serialized JSON output for-
mat and the first iteration of an application programming
interface (API). In its integration within TSUNAMI, LGC
acts as the primary computation tool for positioning, such
as determining the position of a Laser Tracker within the
network. TSUNAMI and GEODE can both export files in
a format readable by LGC. LGC can then generate files to
update the current position of accelerator or network points
stored within the Survey Database.

LGC is used for a wide spectrum of surveying activi-
ties, ranging from simple alignment to advanced R&D. The
new versions have opened up possibilities for beam level
alignment methods [12], rigorous integration of levelling
systems into 3D computations [13], complex sensor-based
monitoring [14, 15], integration into automated measure-
ment processes [16], and is already used and been prepared
for Future Circular Collider studies [17, 18].

LGC major new features
Data serialization LGC traditionally generates unstruc-

tured text-based result files. With the release of LGC v2.6.0
in June 2023, it has been enhanced to support data serial-
ization in JSON format. This functionality is provided by
a serialization class implemented in the overarching Sur-
veyLib Library. The base JSON file now contains the data
structure utilised within LGC. It includes the input and result



data. Large objects, such as the covariance matrix, are not
serialized by default to avoid bloated JSON files, slow file
access, and potential memory issues on computers. They
can be included in the serialization if needed by enabling
an option. In addition, some relevant computations other-
wise complicated to do in post-processing are also part of
the JSON object. For instance, typically, surveyors analyze
precision in a common root reference system. Points and
their precision can be expressed in other reference systems.
The computation of the precision of such point in the root
system is done within the LGC environment and available
in the base JSON file. This feature simplifies the devel-
opment of new functionalities and automation processes,
reducing effort and enhancing the robustness of data pars-
ing. For example, the JSON export is now used to generate
user-friendly and dynamic HTML result reports (Fig. 3),
leveraging modern web technologies that enable dynamic
table display with sorting and plotting options. This im-
provement was achieved by developers who did not need to
engage directly with the LGC C++ codebase, thus bypass-
ing the steep learning curve associated with coding in LGC
and allowing contemporary technologies usage, such as web
programming or Python scripting. A potential long-term
enhancement for LGC could involve the development of a
deserialization feature. This would enable the software to
launch directly from a JSON file, streamlining the creation
of input files by making them machine-readable. Currently,
there is no plan to implement this feature in the near future.

Figure 3: An histogram displayed in the historic text file
(left) and in the HTML report (right)

LGC API The LGC API provides a series of methods
to read an LGC input file, update measurements or parameter
statuses, launch analyses, and extract results and associated
statistics. This development was triggered by the Full Re-
mote Alignment System (FRAS) [4] project and has been
in use for tests since late 2023. The method set provided
by this library is specifically tailored to meet the needs of
the FRAS project and is expected to evolve to accommodate
the requirements of new and ongoing projects. This project
also involved drastic improvement in computation speed
and robustness available for all new versions and described
in [4]. Currently, the LGC library requires a formatted in-
put file. The ultimate goal is to unblock file-less operation.
Configuration would instead be achieved entirely through
direct interactions with the API. Users would be able to
dynamically set all necessary parameters and options by

calling methods. This approach would streamline processes
by removing the intermediary step of file creation. It would
make the system more adaptable to real-time adjustments
and easier to integrate with other software tools or systems.
The library is designed for easy interfacing and is available
as a "dynamic link library" (DLL) for Windows, or a "dy-
namic shared object" for Linux. For instance, the DLL can
be interfaced with Python to leverage its extensive analyti-
cal tools and rapid prototyping capabilities, enhancing the
accessibility and usability of LGC for both surveyors and
developers.

LGC Quality Assurance (QA)
For QA and project management, the current LGC de-

velopment team relies on standard tools commonly used
within and outside CERN. JIRA [19] serves as the principal
platform for project management and ticketing. It facilitates
the submission of tickets that highlight issues or requests for
new functionalities. Additionally, direct engagements, such
as meetings with surveyors, are regularly organised. Obtain-
ing feedback directly from end-users ensures that software
development is tightly aligned with the operational demands
faced by CERN’s survey teams. The development team em-
ploys GitLab for software development, version control, and
continuous integration/continuous deployment (CI/CD), cus-
tomized specifically for CERN’s settings [20]. This DevOps
platform manages all code repositories related to surveyor
software, including LGC. Developers manage their tasks by
initiating branches for each feature, typically corresponding
to a specific JIRA ticket. Comprehensive code reviews, per-
formed by LGC specialists and IT professionals, are carried
out when a feature is to be merged into the main develop-
ment branch. The reviews are essential to preserve code
quality and ecosystem compatibility. Updates to the master
branch are synchronised with the biannual release sched-
uled during spring and autumn to precede CERN’s technical
stops. Each release undergoes thorough testing using a set
of approximately 150 LGC input files representing various
use cases or calculation edge cases. These files are man-
ually inspected to ensure output consistency and minimal
or explainable impact on results. The CI/CD processes run
on dedicated CERN OpenStack [21] virtual machines for
Windows, and on Kubernetes container images for Linux
environments. The CI/CD pipeline automatically triggers a
suite of unit and functional tests that comprehensively cover
new and existing features. LGC and SurveyLib codebases
have been developed over nearly four decades and not all
parts are covered by automated tests. There is a strong em-
phasis on rigorously testing all new code and functionalities.
For reference, the LGC main software, including the test
protocol, comprises over 30000 lines of C++ Code, while the
SurveyLib Library is just shy of 50000 lines of C++ code.

OPEN-SOURCING
Intermittent internal discussions to pass LGC to an open-

source license have taken place for nearly a decade. The



discussions recently intensified following feedback from
survey groups at other European accelerator facilities, who
expressed a strong desire for a shared least squares adjust-
ment tool specifically tailored to their unique needs. This
enthusiasm was displayed during seminars in 2023 and 2024
[5]. Up to now LGC was occasionally licensed to exter-
nal partners through CERN’s Knowledge Transfer group.
While functional, this licensing model did not fully encour-
age broad adoption or active contribution from these part-
ners, leaving many hesitant to engage deeply. Transitioning
to an open-source approach is perceived as a more reassuring
and encouraging strategy to foster deeper collaboration and
active participation. Following the adoption of the CERN
Open Science Policy [22] at the end of 2022, an Open Source
Program Office (OSPO) was established in early 2024, pro-
viding an additional incentive to move LGC to open-source.
The OSPO now provides organisational support for this tran-
sition.

By transitioning LGC to an open-source model, the CERN
Geodetic Metrology group aims to tap into the collective
expertise of a global community, which could drive inno-
vation through the rapid integration of enhancements, new
features, and bug fixes to keep the software relevant and
effective. Furthermore, open-sourcing LGC is intended to
facilitate the building of a robust community of users and
contributors. Engaging this community is seen as crucial for
steering the software’s evolution by adapting it to a wider
array of applications, thereby enhancing its robustness and
versatility. Additionally, moving to open source aims to
ensure the long-term development of LGC by enabling the
potential inclusion of external resources or individuals al-
ready familiar with the software into the core development
team. Open sourcing is envisioned to maintain the integrity
and continuity in the developments of LGC.

From an educational perspective, the benefits of making
LGC open-source are significant. It will allow academic
institutions to incorporate this tool into their curricula, pro-
viding students with hands-on experience in surveying and
data analysis. This approach not only enriches the educa-
tional experience but also promotes research and develop-
ment as students and researchers contribute to a project with
real-world applications in science and engineering.

Open-sourcing LGC enhances transparency, which is fun-
damental in scientific research, building trust in data pro-
cessing and results through wider benchmarking and cross-
comparison initiatives with other solutions [23], further en-
hancing its credibility and utility.

Role of the OSPO
The CERN OSPO was established in early 2024 to pro-

vide consistent organizational practices for both open-source
software and hardware initiatives at CERN, as detailed in
its mandate [24]. The OSPO is committed to promoting
CERN as an active contributor to open-source development
and ensuring CERN’s due diligence in open-source engage-
ments. However, it’s important to note that while the OSPO
has set ambitious goals, many of its processes are still in the

initial stages of development and not all are fully operational.
The OSPO membership is drawn from across the organisa-
tion on a part-time basis, ensuring that there is CERN-wide
representation.

Internally, the OSPO’s role comprises a wide array of
responsibilities. It consults, advises, and trains the CERN
community on best practices, tools, licenses, and develop-
ments related to open-source projects. This includes pro-
viding implementation guidance for CERN’s Open Science
Policy components and offering recommendations for open-
sourcing. The OSPO also develops guidelines on various
technical aspects of sharing code and designs, including
where to host, what services to use, appropriate use of CERN
infrastructure, and general tooling for open source such as
license compliance checks and test setup configurations. Ad-
ditionally, it processes incoming requests for open sourcing
following established procedures, and facilitates due dili-
gence for the dissemination of open source materials. More-
over, it advises CERN management on open-source matters
that impact the organization.

The OSPO manages a public catalogue of CERN’s open-
source projects, accessible from the OSPO website. It guides
interested external parties to opportunities, projects, and ex-
perts at CERN through this public catalogue, events, external
communications, and the website. The office also facilitates
and publicizes CERN’s contributions to open source ini-
tiatives and enhances CERN’s image as an “Open Source
lab”. It handles also external inquiries related to open-source
projects at CERN, ensuring that the organization remains
responsive and engaged with the broader community.

The LGC transition does not benefit from all processes
already being well-established. It serves as a pilot project
for the OSPO on how to deal with open-sourcing software
developed within the CERN premises over a long period of
time. It will provide insights and experience to help refine
the OSPO’s future strategies and operational approaches.

Implementation Strategy
Preparation and Planning Following recent European

Survey Seminars [5], a quick transition to make LGC, Sur-
veyLib, and SurveyPad available to the wider community
was planned. Working with the CERN OSPO, an extensive
audit of LGC and SurveyLib’s codebases is underway to
resolve any licensing issues and ensure compliance with
open-source guidelines. This verification that all compo-
nents, including third-party libraries, are suitable for public
distribution, is expected to be complete by Autumn 2024.
Accessibility and security concerns are also being addressed
regarding the current workflow and use of the Gitlab and
JIRA environment. Despite extensive existing documenta-
tion for LGC’s functionalities and models, enhancements
are necessary. The user manual has received particular at-
tention. The documentation improvement for the stochastic
and observation model are ongoing. Setting up community
platforms like a website, forum, and chat is planned, along
with a clear development roadmap. Promotional efforts, in-



cluding this paper, aim to gather initial feedback and prepare
for the launch.

Launch and Promotion The launch will introduce
LGC and SurveyLib as open-source, accompanied by a dis-
tributable version of SurveyPad. Initially, SurveyPad bina-
ries will be available to ease immediate use and promote
the adoption of LGC. Providing only LGC binaries is also
being considered to allow external users to assess whether
the software is fit for their needs without full open-source
access. LGC should be externally available later this year
after the LGC version 2.8.0 release. Outreach efforts will
follow the release. LGC developers and experienced users
will provide training and support. An online training ses-
sions is planned by this paper’s authors for example. This
outreach will extend to academic and research institutions
to foster partnerships. No governance or licensing model is
yet defined, but the initial governance is likely to be strictly
controlled by the CERN Geodetic Metrology Group, with
plans to evolve.

Growth and Sustainment Post-launch, LGC will enter
an iterative development phase, with updates considering
community feedback to keep the software relevant and ef-
fective. A strong community management system will be
essential to moderate discussions, manage contributions, and
maintain a constructive community environment with regu-
lar roadmap updates. The initial direct contributions to LGC
and SurveyLib are expected to be minor, with more substan-
tial contributions expected to come from creating post- or
pre-processing tools for LGC. These contributions are hoped
to be shared openly and widely. Over time, it is hoped that
contributions to the core software will increase, requiring
review by experienced developers before integration.

Foreseen challenges
Transitioning LGC to an open-source framework presents

several challenges that the CERN team must navigate care-
fully to ensure a successful and secure implementation. The
core development team is small, and hence patience and
understanding from the community will be crucial as we
navigate the learning curve of rolling out open-source LGC.

One of the primary challenges is selecting an appropri-
ate open-source license that aligns with the dependencies
currently used in LGC and SurveyLib. The license must
satisfy the legal frameworks while being flexible enough to
encourage widespread adoption and contribution. On the
management level, a GNU General Public License (GPL)
is currently recommended [25] and is under review by the
OSPO. For LGC, the goal is to align with CERN’s mission
to contribute to society and industry, facilitating industry
adoption, collaboration, and contribution. Ongoing discus-
sions between the developers and OSPO aim to refine these
licensing decisions.

Another significant challenge involves managing access
to the infrastructure in place, specifically the platforms that
host the software and handle project management tools such

as GitLab and JIRA. Currently, the LGC repository resides
on CERN’s GitLab, accessible only to users with CERN
accounts. This setup poses questions about how to facilitate
contributions from external developers. The official OSPO
recommendation is to migrate to an external hosting plat-
form (for example GitHub) and to mirror the project into
CERN GitLab as a long-term back-up strategy. The licens-
ing for JIRA, deeply integrated into the current workflow
for ticketing and user requests, also requires attention. We
need to ensure that the integration between JIRA and the
hosting platform supports seamless project management. So-
lutions for inclusive discussion and ticketing must be found
to welcome wider community participation. These migra-
tions should be accompanied by a refactoring of our quality
assurance workflows and runner configurations for CI/CD.
Additionally, the project owner must manage the roles of
each external contributor, ensuring due diligence is main-
tained. This includes potentially implementing a "Developer
Certificate of Origin" (DCO) and maintaining an updated
list of authors. This approach will safeguard the integrity
of contributions and streamline project management across
platforms. These migrations are the current limiting fac-
tor for the timeline in the LGC open-sourcing, particularly
with the CI/CD infrastructure. While not all components
are essential from the beginning, it is important to address
these factors early in the migration process to ensure smooth
integration and effective deployment of the new systems.

To encourage community engagement, we plan to estab-
lish multiple communication channels. These include a
dedicated website, a forum for discussions, and live chat
support. They will facilitate not just developer interactions
but also fostering a space for exchanges between new and
experienced users.

Initially, the governance of LGC will remain strictly un-
der CERN control, but it is anticipated that this will evolve
into a more inclusive governance model. This evolution
will ensure that LGC continues to benefit from active com-
munity contributions and collaboration, reflecting a shared
commitment across the broader scientific community.

It is essential to outline a clear and transparent roadmap
for LGC’s development. While the initial focus may not be
on direct contributions to the core code, we foresee signifi-
cant involvement in developing the ecosystem around LGC.
For example, creating tools that allow data from commonly
used industry software like Spatial Analyzer [26] to be eas-
ily converted into LGC-ready formats could be a valuable
external contribution.

The aim is also to openly distribute the LGC GUI, Sur-
veypad. Without its numerous ease-of-use features, working
with LGC can be challenging and unappealing. SurveyPad
could play a crucial role as the central hub in this ecosystem.
It currently supports a scripting strategy that performs vari-
ous pre- and post-processing tasks. Scripts can be written
in any language, with Python preferred for its ease of use.
Expanding SurveyPad’s capabilities to allow users to down-
load and execute scripts from a communal repository could
significantly enhance the software’s utility.



The steep learning curve required to actively develop for
LGC and Surveylib cannot be overlooked. New developers
typically require around six months to become proficient
with LGC’s C++ environment, with full autonomy taking
up to a year. Any changes in LGC can have wide-reaching
effects across its ecosystem, impacting associated processes
and tools. Managing these changes carefully is crucial to pre-
vent disruption and encourage ongoing development within
the community.

CONCLUSION
This paper has outlined the transition of CERN’s main sur-

vey and alignment software, LGC, towards an open-source
model. Open-sourcing should provide a durable and reliable
least square adjustment solution for the whole of the acceler-
ator surveying community, gathering new ideas and provid-
ing a common platform to enhance collaboration. Looking
ahead, the LGC project could expand beyond this commu-
nity and become a tool to build upon within the industrial or
academic sectors. The journey includes many challenges on
technical, quality assurance and workflow aspects. Most of
these will not be fully resolved when the first open-source
version of LGC is released, but with the help and support
of the recently created CERN Open Source Program Office
it is hoped that they can be gradually overcome. The devel-
opment team anticipates making LGC available to external
users by the end of 2024.
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